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Motivation

[1] R. Bradfordet al. (CLAS), PRC75, 035205 (2007), Observables CC, from$ !| K * ~
[2] Fits: BnGa Model, V.A. Nikonoet al,, Phy. Lett. B662 245 (2008)
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[1] R. Bradfordet al. (CLAS), PRC75, 035205 (2007), Observables CC, from$ !| K * ~
[2] Fits: BnGa Model, V.A. Nikonoet al,, Phy. Lett. B662 245 (2008)

Effective degrees of freedom

N(1900)3/Z (which can be assigned as a member of the quarteI®f2; ) ) cannot be
accommodated in the naive quark-diquark picture, both oscillatorstoemslexcited i

Priyashree Roy, Florida State University ~ CLAS Collaboration Meeting, Feb 26, 2016



Introduction

Motivation
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R. Edwardst al. Phys. Rev. (84074508 (2011)

New '+' parity states:
N(1860)5/2 *
N(1900)3/2 *
N(1880)1/2 *

2000

- - - LQCD manifests broad features $fJ(6)

N’ Picture courtesy V. Bukert (CLAS collaboration meeting 2015
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O(3) symmetry.

New states accommodated in LQCD calculations (ignoringsinezsile)
with JP values consistent with CQM.
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More predicted states than experimentally observed. Lotryet to be learnt!
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O(3) symmetry.

New states accommodated in LQCD calculations (ignoringsinezsile)
with JP values consistent with CQM.
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Study ofN to Vector Meson Decay Modes

Vector meson!(, , ) decay modebave mostly remained unexplored. Vast pool of infor-
mation yet to be unearthed:

Particle Data Group 2014
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Study ofN to Vector Meson Decay Modes

Vector meson!(, , ) decay modebave mostly remained unexplored. Vast pool of infor-
mation yet to be unearthed:

@ For a better understanding of known
resonances, it is essential to study their vector
meson decay modes.

@ They carry the sam&F ¢ as the photon so it is

highly expected that they play an important
role in the baryon spectrum.

@ This talk will focusonp ! p * and
p! p! p* ( 9reactions. The

former gives information ol ! p which
is dif cult to study directly due to the broad
nature of .
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Priyashree Roy, Florida State University ~ CLAS Collaboration Meeting, Feb 26, 2016



Motivation

Study ofN to Vector Meson Decay Modes

Vector meson!(, , ) decay modebave mostly remained unexplored. Vast pool of infor-
mation yet to be unearthed:

@ For a better understanding of known
resonances, it is essential to study their vector
meson decay modes.

@ They carry the sam&F ¢ as the photon so it is

highly expected that they play an important
role in the baryon spectrum.

@ This talk will focusonp ! p * and
p! p! p* ( 9reactions. The

former gives information ol ! p which
is dif cult to study directly due to the broad
nature of .

@ Ongoing analysisorp ! p cross section
from CLAS-g12 (A. Hurley, FSU). — —
Particle Data Group 2014
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Why are Spin Observables Important?

Baryon resonances are broad and overlapgogeak
hunting is dif cult. Need more observables in addition
to cross sections to disentangle the resonances.
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Motivation
S|

Why are Spin Observables Important?

Polarization observablese essential for the
determination of the scattering amplitudes with
minimal ambiguitied “reveal' the baryon

resonances.
E.g., in single meson photoproduction:
total =  unpol k! | coq2 )

+ x( (Hsin2 )+ F)
y( T+ Pcos2)
( 1GsinR) + E)+ ]

(1) : degree of beam pol.
. degree of target pol.
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Motivation

Spin Observablesfop! p © & p! @ FROST

Getting close to a “‘complete experiment'! Data taking: Oct 2007 - Jan 2008 (g9a)
Mar. - Aug 2010 (g9b)
Target: FROzenSpin butanolTarget
Target pol.: Longitudinal (g9a run)/
Transverse (g9b run)
Photon pol.: Linear/Circular

p!:
W range covered 1.5t02.3 GeV

Prelim. results (Priyashree, FSU)
(Analysis note under review)
Prelim. results available p *
(FSU, USC)

Data acquired
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@ Data Analysis and Results
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Data Selection and Analysis

@ Topologies forp *
! p ¥ (missing )
~p! p (missing *)
~! p *  (nomissing particle)
The observables are weighted avg. over topologies.

@ Topology for p!' (89% branching fraction):
~»! p* (missing °)
Topology identi ed using Kinematic tting.
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Data Selection and Analysis

@ Topologies forp *
! p ¥ (missing )
~p! p (missing *)
~! p *  (nomissing particle)
@ Topology for p!' (89% branching fraction):
~»! p* (missing °)
Topology identi ed using Kinematic tting.
@ Standard cuts& corrections: vertex cut, photon
selection, cuts, E-p corrections.

@ Event-based metho#f! for signal-background
separation.

[1] M. Williams et al, JINST 4 (2009) P10003

Priyashree Roy, Florida State University
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Data Selection and Analysis

@ Topologies forp *
! p ¥ (missing )
~p! p (missing *)

+

p! p (no missing particle)

@ Topology for p!' (89% branching fraction):
~»! p* (missing °)
Topology identi ed using Kinematic tting.

@ Standard cuts& corrections: vertex cut, photon
selection, cuts, E-p corrections.

@ Event-based metho#f! for signal-background
separation.

@ Event-based maximum likelihood method for
extracting polarization observables.

[1] M. Williams et al, JINST 4 (2009) P10003
[2] D G Ireland, CLAS Note 2011-010
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Published Resultsip ! p!

Isospin Iter (sensitive to N only), reduces complexity

[1] Williams et al,,
PRC80, 065208 (2009)
[2] Wilson et al,,
arXiv:1508.01483 (2015)
[3] Sumihameet al.,
PRC80, 052201 (2009)
[4] Barthet al,

EPJ A18, 117 (2003)

[5] Wolf, Rept. Prog. Phys.
73,116202 (2010)

[6] Eberhardtet al.,
arXiv:1504.02221 (2015)
[7] Vegnaet al.,

PRC91, 065207 (2015)
[8] Ajakaet al,,
PRL 96, 132003 (2006)
[9] F. Klein et al,
PRD78, 117101 (2008)

+ High quality polarized SDMEs
from CLAS, Brian Vernarsky (CMU),
to be published soon.
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Partial Wave Analysis ofp ! p! Observables

*rating in PDG 2014

Pol. SDMEs and were crucial
to understand the t-channel back-
ground: Major contribution from
pomeron exchange mechanism. I
I
BnGa PWA 2016 —
(coupled-channel) using ELSA data
Notable 771 Suggestive —— 1
contribution ~ ---° evidence
CLAS PWA 2009
Notable .eee  Suggestive
contribution evidence
|. Denisenkeet al,, Phys. Lett. B (2016) T ’
M. Williams et al, PRC80, 065208 (2009)
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Partial Wave Analysis ofp ! p! Observables

*rating in PDG 2014
Pol. SDMEs and were crucial
to understand the t-channel back-
ground: Major contribution from

pomeron exchange mechanism. I
/1
/1

Need more polarization observables, ]

in particular to understand W > 2 GeV

region:

@ N( 2:2GeV) Uncertain)®:
1=2 ,3=2",3=2 or5=2" ?°

o N(> 21GeV)7=2 ?

Priyashree Roy, Florida State University ~ CLAS Collaboration Meeting, Feb 26, 2016
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p! Reaction, Single& Double-Polarization Observables

Beam Asymmetry in~p ! p!

I reconstructed from*  ( 9)
= o2 1coq2 )
+ cof )( (Hsin@ )+ F)
sin( )( T+ |Pcos(2))]
.( 1Gsin@2 ) + E)l

(1) : degree of beam pol.
degree of target pol.
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p! Reaction, Single& Double-Polarization Observables

Beam Asymmetry in~p ! p!

osf -»-FROST (g9b-inear) F -e-FROST (g9b-finear)
o.ef -+ GRAAL (2015) E -+ GRAAL (2015)
o.af L -+ GRAAL (2006)
to ) . REEE }Ar'** ot
io‘n* +4*+¢+. 3 .|+ By
o.6f F *'f+y
2 1100-1200MeV, |, F 1300:1400 ey
oﬁi ++7 2 - 4
> MR\ S N S5
o6 P E +"
3 1500-1600eV,  E o A700-IB00MEY.
oaf -+ ‘
T UL
i SRS SRS
o h 180020000V E L 20002100 eV

20 4 60 8 100 120 140 160 180 20 40 60 80 100 120 140 160 180

FROST: transversely polarized target
GRAAL : unpolarized target

Good agreement between FROST and
GRAAL (2006) results. New results
at high energies.

I reconstructed from™
= o[l 1coq2 )
+ coq )( (Hsin(2 )+
sin( )( T+ Pcos(2))]
2( 1Gsin(2 ) + E)]

(1) : degree of beam pol.
degree of target pol.

(9

F)
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p! Reaction, Single& Double-Polarization Observables

First Measurements of T, Pip ! p!

Isarget_Asym_ T « FROST (circ. pol. beam) = FROST (in. pol. beam) Recoil-Pal. D(FROST)
E : 1250 MeV E : 1350 MeV 'LE : 1450 MeV E : 1550 MeV 0‘: :
4 — —
0 :f'. ::tf* ‘¥+fﬂfﬂ! +*.:“t;?flii'gt' Z: ﬁiﬁfﬂf + 4+7: e
08 E : 1650 MeV £ : 1750 MeV £ : 1850 MeV E £ 1950 MeV i 1001200 MV, b 12001300 MV
0 i+ D SIe . %’*Qéf _A'*'L+ -3g! ::: E
T A T et T oaf EL
08 == T
T b E 2050 Mev E : 2150 MeV. E: 2250 MeV/ E : 2350 MeV o +: ——
+ el O oo | o e PN . ot il E
0 R VR ERE] MY A - ¢ A E SR A a4 -0.8F R E .
\% i? * “ ¢¢ 'l 0‘3 db 0‘4 01250!? ]6?084M0eﬁvﬂ‘8 ﬂ‘ﬂ '0‘6 '0‘4 3.27000 %goﬂQOMﬂeﬁvD‘ﬁ
0.8 Ccos c.m.
iiso MeV E : 2550 MeV E;z:so Mev iz7so Mev ) = oL 1coq2 )
PR Se Et  + cod (L Hsin@ )+ F)
sin( )( T+ Pcos(2))]
08 55 005 105 6 05 1050 05 1050051 z( G sin(2 ) + E)]
CoS  ¢cm.
The two experimental results on target (1) : degree of beam pol.
asym.T from FROST agree well. : degree of target pol.
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p! Reaction, Single& Double-Polarization Observables

First Measurements of F, Higp !  p!

., Observable F (FROST) = Observable H (FROST)
’ E: 12‘50 MeV E : 1350 MeV E : 1450 MeV E : 1550 MeV Z:: :
T %ee fotest  He®e Jeee, ——
0 + e = S * i =y o e 'g¢*+ o +7:.7477+7:—.‘7 e
_0.6F ! E
0.8 b
+E : 1650 MeV/ E : 1750 MeV +E : 1850 MeV. E : 1950 MeV Aot 1100‘1200 MEV‘ Lol 1200-1300 M‘ev‘
- osf E
—o—o- . o oo ocf E
0 "4#* I*_* * 9 M S o ’¢'¢*‘ oa;+7 El
e e e S
0.8 ook Y VAl 3 —1 |
+ E : 2050 MeV E : 2150 Mei E : 2250 MeV E : 2350 MeV 0.4 E
o -0.6F E
0 * n ¢ PY Py 3 o . s & osF 600-1700MeV E g
RASH RIS SRS, I AAC TR I A L LU 00 .1
-0.8 cos c.m.
: E : 2450 Me\; E: 2550+Viev E : 2650 MeV E : 2750 MeV = 0 [1 | COiz )
Pttt gt et et 4y + cog )( Hsin@ )+ F)
¢ sin( )( T+ Pcos(2))]
'0'8—1 05 0 05 105 0 05 -1-050 05 14050 05 1 .( 1Gsin(2) + E)]
cos c.m.

(1) : degree of beam pol.

F andH are double-polarization observables.
degree of target pol.
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Published Results New Resultsinp ! p!

+ High quality pol. SDMEs
from CLAS, B. Vernarsky (CMU),
to be published soon.
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Resultsirp! p *

@ Allow the study of sequential decays of intermedidteand alsdN ! p
decay but the large hadronic background makes it challgngin
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Daté_i Aha|¥5|s,a'1,d»ReSL{lts p Reaction, Single Polarization Observables
Summary and Outlook

Resultsirp! p *

@ Allow the study of sequential decays of intermedidteand alsdN ! p
decay but the large hadronic background makes it challgngin

@ Reaction described using 2 planes (5 kinematic variables)ore spin

observables than in single-meson photoproduction usitagiped beam
and target.

2 beam-pol. observables, I° I° vanishes|® survives.
Unlike only one ( observable) in

. . W. Robertset al, Phys. Rev. @1, 055201 (2005)
single-meson photoproduction.
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Sumn

Beam Asymmetrydin 4 !

p+

Reaction, Single Polarization Observables

Example: 1.30< E < 1.40 GeV (TotalE range covered: 0.7 - 2.1 GeV)

® FROST (preliminary)

——Fourier sine fi

to g8b

® C. Hanretty etal., CLAS-g8b run

(in preparation for publication)

T

2
o
&
0,%% T
*
o
o
. -1.0<cos( .)<-0.8 f-0.8<cos( )<-0.6f-0.6<cos( )<-04f-0.4<cos( .)<0.2f-0.2<cos( .)<-0.0
- »-
o %
po
Sa
0.0<cos( .)<0.2 f0.2<cos( )<0.4 f0.4<cos( )<06 F0.6<cos( .)<0.8 f0.8<cos( .)<L0
-2 0 2 -2 0 2 -2 0 2 -2 0 2 2 0 2

— BnGafitsto I°, CLAS-g8b run

LF1300-1350 1300-1350 1300-1350 1300-1350 3001350
05 o - -
L U W D
d 6
05| : ¢
cosq(1-08) F cosq(-0.8-06) [ cosq(0.6-04) f cosq(-0.4-02) [ cosq(:0.26)
o5 523001380 300-1350 1300-1350 1300-1350 1300-1350
. . .
o % N %
05 00. 020 0408 0508 ©81)
' hcesa00. cosq (0.2 0 c0sq(0.406) [ c0sq(0.608) cosq (0.8 1
el 1364400 1350-1400 1350-1400 1350-1400
: o
0f P eoeetas PN %
05 o °
h.cosa(1:08) cosq(-0.6-04) [ cosq(-0.4-02) [ cosq(:0.20)
o5l 43501400 1350-1400 1350-1400 1350-1400
: SR, SN
05 <
) c0sq020%) | cosq(0406) | c0sq(0608) cosq (0.8 1)
N %0 90" 0 90 90 0 90 90 0 90 90 0 90
N

)

Good agreement between experiments

I =lof |[I°sin@ )+ 1°cos@ )]g
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First Measurements of Target Asy®,., in p! p *

Example: 1.3< E < 1.4 GeV (TotalE range covered: 0.7 - 2.1 GeV)

0.4 0.4
i
ol " NS WY SO , DV, VRS
IS WA Nt RS S aading I Toad I R e i P = S R v a
_1.0<cos( ) <-0.8 [-0.8<cos( )<0.6[-0.6<cos( )<04f-0.4<cos( )<02E02<cos( )<-0.0 ~1.0<cos( ) <-0.8 [-0.8<cos( )<-0.6[-0.6<cos( )<-0.4 [-0.4<cos( )<-0.2[-02<cos( )<0.0
-0.4 -0.4

+

od ARl M NG bt NI .

et IRF T A FTT A Vﬂ¢ + ¥ MM
4yte

0.0<cos( .)<0.2 f0.2<cos( )<0.4 [0.4<cos( )<0.6 [0.6<cos( )<0.8 [0.8<cos( )<L0 0.0<cos( .)<0.2 f0.2<cos( )<0.4 [0.4<cos( )<0.6 [0.6<cos( )<0.8 [0.8<cos( )<LO

'0“»202-202-202-202-202 '0“’-202-202-202-202-202
+

FROST g9b (lin. pol. beam)  Solid Line - Fourier t( n< 3)

3-dim. phase space: (E .,cos .)

I=1o[1+ cos( )Py + sin( )P,]
degree of target pol.
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Summary and Outlook

@ Photoproduction of vector mesons and multi-pion nal states
essential taliscover new resonanceand better understand the known
resonances. These decay modes have mostly remained unexpltred in
past.

@ Many rst time measurements of single- and double-polarization
observables from CLAS-FROST for~p ! p! andp! p *
they will signi cantly augment the world databaseof polarization
observables in photoproduction.
@ The new high quality CLAS results are expected to put tight constrints on data
interpretation tools, immensely aiding in determining contributihg with
minimal ambiguities.

@ The ndings in the light baryon sector together with the ndings in strange an
heavy avor sectors (GlueX, LHCb, BES Il etc.), will help usderstand the
evolution of bound states of QCD from light to heavy-quark regime.

Priyashree Roy, Florida State University ~ CLAS Collaboration Meeting, Feb 26, 2016



Summary and Outlook

Topics:

Spectroscopy of Light/Heavy Flavored Hadrons
Electromagnetic and Weak Interactions
Structure of Hadrons & Hadron Interactions
Hadrons at Finite Density and Temperature
Recent Approaches to Non-Perturbative QCD
New Facilities and Instrumentation
Other Related Topics

INTERNATIONAL ADVISORY COMMITTEE.

This work is supported by
DOE# DE-FG02-92ER40735

Thank You !
Any Questions ?

M. Anselmino (INFN Torino) T. Johansson (Uppsala) A.Sandor  (JLab)

R. Beck (Bonn) M. Lutz (GS)) S. Schadmand (Juelich)
. Brodsky (SLAC) V. Metag (Giessen) 150 er (Temple)

3. Chen (3Lab) R. Milner (MIT) H. Stroeher (Juelich)

. Cohen (Maryland) P. Mulders (Nikhef) . Thomas (Adelaide)

U. Egede (imperial College) M. Nowak (Jagiellonian) M. Vanderhagen (Mainz)
M. Guidal (PN Orsay) €. Pasyuk (JLab) . Wallon (Paris)

S. Hong (SKKU) 8. Pire (CPHT) D. Watts (Edinburgh)

A. Hosaka (Osaka) C. Roberts (ANL) T Williams (Adelaide)

D. Ireland (Glasgow) . Sakai (KEK) B. Wojtsekhowski (JLab)

LOCAL ORGANIZING COMMITTEE:

V. Crede (FSU)
W. Roberts (FSU)

baryon2016@hadron.physics.fsu.edu
htt p://baryons2016.physics.fsu.edu
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Why are Spin Observables Important?

[1] R. Bradfordet al. (CLAS), PRC75, 035205 (2007), Observables CC, from$ !| K * ~
[2] Fits: BnGa Model, V.A. Nikonoet al,, Phy. Lett. B662 245 (2008)

C.C, Fitswithout N(1900)3/2 resonance

cos

c,c, Better Fit Results with N(1900)3/2 —_

cos
Sophisticated data interpreKtation tools such as PartiaEVaalysis and

Phenomenological models are required to identify the dmuting resonances.

Priyashree Roy, Florida State University ~ CLAS Collaboration Meeting, Feb 26, 2016
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Beam Asymmetry©in~p !

Example: 1.30< E < 1.40 GeV

° (pr °C nmr etal,CLASg8brun — nGafitsto |, CLAS-g8b run

rep r
- e gsh prep Ll

T e L, I ST
o Ty [ AN e

o > = i
e oﬁd . . . .
%&*WWW T8 0sf 1300-1350 1300-13: 1300-1350 1300-1350 1300-1350
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Good agreement between experiments
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Photoproduction Cross Section
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Summary and Outlook

Vertex cut
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Event-Based Qfactor Method with Likelihood Fits

@ A multivariate analysis - For each event ("seed event"), nd N nearest
neighbors in 4-D kinematic phase spaBe{ ; ;coy p)®™ ). Plot mass
distribution of theN + 1 events and t.

° Smc6N is small (300), use ML method to t the mass distribati
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Mo- seed event's mass.

@ Computation time reasonably minimized- ts 10,000 events in 30 min.
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